I. INTRODUCTION
In recent years, high-operation temperature (HOT) detector applications in the mid-wave infrared spectral range (MWIR) have widely attracted attention [1, 2] . In the LWIR and VLWIR spectral ranges, an increase in operating temperature while keeping the detector performance obtained at lower temperatures proved to be significantly more difficult. The demands on detector material quality and detector processing are much higher. With LWIR HOT detector applications more and more evolving, AIM as a leader in LWIR MCT detectors has addressed the challenge. We like to note that AIM has a long standing track record on dark-current reduction, especially by extrinsic Au doping in the LWIR and VLWIR spectral range [3, 4, 5, 6] . During the last couple of years we matured our p-on-n LWIR technology, a key technology for high-performance small pixel pitch planar LWIR HOT MCT devices [9] . In this paper we present the status of our n-on-p and p-on-n low dark current planar MCT photodiode technology. The development was funded by ESA TRP contracts and resulted in follow-on contracts to even further optimize LWIR and VLWIR MCT and corresponding ROICs, especially for low-temperature, large area, astronomy applications. AIM's manufacturing of HOT MCT devices is based on the liquid phase epitaxial (LPE) growth on latticematched in-house grown CdZnTe (CZT) substrates from a Te-rich melt, using the vertical dipping method [7, 8] . This method allows growing large MCT wafers with currently fair homogeneity in layer thickness (±1µm) as well as in composition (±0.3µm cut-off wavelength) across an area of 1.5 inch diameter in the LWIR-VLWIR cut-off wavelength range. We have investigated and compared technological constraints and performance of n-on-p and p-on-n growth for different doping levels and other process parameters. In the following we present the results for both technologies on 512 x 320 pixel format arrays with 20µm pixel pitch. Fig. 1 shows the thermal dark current density versus inverse detector operating temperature for p-on-n planar photodiode LWIR and VLWIR MCT detector devices. The temperature scale is normalized with respect to the cut-off wavelength for easier comparison.
P-ON-N TECHNOLOGY
At about 80K operating temperature, we measure dark current densities of ~0.1pA/µm 2 (FPA with 11.4µm responsivity cut-off at 80K, dark blue curve), ~0.9 pA/µm 2 (FPA with 11.2µm cut-off at 80K, light blue curve) and <4 pA/µm 2 (fan-out with 11.2µm cut-off at 80K, measured at 84K, green curve) in the 11.2-11.4µm cut-off wavelength range (LWIR) and for two different n-type absorber doping levels. Also, the dark current behavior of the VLWIR device (fan-out with 13.1µm cut-off @ 80K, curve in black) follows nicely the curve obtained for the LWIR device with the same doping level.
Please note that the measured dark currents are about or stay even below the values from the Tennant 'Rule 07' benchmark [10, 11] (red curve in the figure). This indicates long minority carrier lifetimes in the absorbing MCT layer.
In order to characterize the broad band photo response, the detector was operated at a 55K temperature (cut-off wavelength ∼11.8µm) and exposed to a large area blackbody scene. For signal-to-noise improvement, a number of frames were recorded and averaged at each scene temperature.
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Biarritz, France International Conference on Space Optics 18 -21 October 2016 Fig. 1 . Thermal dark current density versus detector operating temperature for AIM p-on-n LWIR MCT detector devices with responsivity cut-off wavelengths at 80K as stated in the inset. A photo response non-uniformity of σ c /R med ∼ 1.2% at 55K is observed for a 20°C blackbody scene illumination, and the fraction of defective pixels is only 0.2%.
Biarritz, France International Conference on Space Optics 18 -21 October 2016
Without discarding any pixels at an 80K operating temperature and an 11.0µm QE cut-off, 0.45% of all pixels are considered defective. At 100K, the fraction of defective pixels is 2.0% at a 10.4µm QE cut-off, and at 110K it is 3.2% at a 10.2µm QE cut-off. Due to the increased symmetry in the NETD histograms at lower temperatures such as at 50K, we obtain only 0.20% defects at an 11.9µm QE cut-off, and at 30K, 0.12% of the pixels are considered defective at a corresponding 12.6µm cut-off. With the n-on-p planar diode technology approach, at 80K, we attain a 0.2-0.3pA/µm 2 dark current density for an 11.4-11.5µm cut-off wavelength. Thus, there is not much difference to the dark current densities from devices in p-on-n technology at 80K for comparable cut-off wavelengths. Compared to Tennant's empirical "Rule 07" established for p-on-n technology devices [10, 11] , we measure dark currents lower by about a factor of three with our devices in n-on-p technology.
Notably, the measured dark current figure implies that the devices may be operated at an about 20K higher operating temperature for the same dark current level than extrinsically doped AIM n-on-p LWIR and VLWIR MCT FPAs from the previous technology generation [3, 4, 5] (dashed blue line in the figure).
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Biarritz, France International Conference on Space Optics 18 -21 October 2016 Fig. 8 . Thermal dark current density versus detector operating temperature for AIM n-on-p LWIR MCT detector devices with responsivity cut-off wavelengths at 80K as stated in the inset.
The detection efficiency spectra for the FPA detector from Fig. 8 are shown in Fig. 9 . The QE was measured to be slightly above 70% in the plateau for any of the set operating temperatures, which is as expected slightly larger than for the p-on-n device (60%) due to the larger minority carrier diffusion length in our n-on-p devices. Fig. 9 . Median quantum efficiency spectra for an n-on-p FPA from Figure 8 at detector operating temperatures of 30K, 50K, 80K and 100K. The given cut-off wavelengths are the wavelengths at half the maximum measured QE.
Analogous to the p-on-n devices, the photo response homogeneity of an n-on-p VLWIR MCT FPA was analyzed. The FPA under test was operated at a 55K temperature (cut-off wavelength ∼13.6µm) and exposed to a large area blackbody scene. The F-number was 2, and the charge integration time was adjusted to attain half well filling level.
The photo response pixel map for a 20°C blackbody scene is depicted in Fig. 10 . A few larger cluster defects may be discerned, which are expected to be annihilated by appropriate design measures or yield considerations, which have not been implemented here yet.
Discarding the pixels within the five largest macro defects, an excellent photo response non-uniformity of σ c /R med ∼3.1% is attained at a long 13.6µm cut-off wavelength. The optical bandwidth of the detector ranges from about 3µm to 14µm wavelength in this case. The photo response non-uniformity is larger for this n-on-p FPA than for the previously considered p-on-n device mainly because the cut-off wavelength is significantly larger for the n-on-p FPA (smaller Cd mole fraction), in which case small changes in MCT stoichiometry imply a larger cut-off wavelength spread.
Discarding the pixels within the five largest macro defects, the moderate fraction of ∼0.75% of the pixels is regarded as defective.
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CONLUSIONS
AIM is one of a view world-wide leading suppliers of high-performance infrared detectors and focal plane subassemblies [12] . This paper reports on our current status of low-dark-current p/n and n/p two-dimensional LWIR/VLWIR planar MCT technology.
Thermal dark currents significantly reduced as compared to 'Tennant's Rule 07' in both diode polarities were obtained in conjunction with a good detection efficiency ≥60% and a spectral QE dispersion around only 5% for operating temperatures between 30K and 100K. This allows for the same dark current performance at a 20K higher operating temperature than with previous AIM technology.
Thermal detector sensitivities of 29.3mK for a room temperature scene, at a 110K detector operating temperature and a 10.2µm detector cut-off wavelength were demonstrated for p-on-n MCT FPAs. In the same detector technology, the infrared image capture up to a 150K operating temperature (9.2µm cut-off) was demonstrated with an excellent image quality up to 120K (9.9µm cut-off) and a still reasonable quality at higher operating temperatures.
For n-on-p LWIR MCT FPAs, an NETD of 30.5mK at a 100K operating temperature and a 10.5µm cut-off wavelength was attained under the same testing conditions with an excellent infrared image quality.
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